Introduction
Rehabilitation of partially or totally edentulous posterior mandible with implant-supported prosthesis has become a common practice in the last few decades, with reliable longterm results. however, there may be unfavourable local conditions of the edentulous ridges for implant placement (7) . to alleviate these anatomic limitations, a number of different treatment modalities such as short implant placement, bone augmentation or nerve lateralization have been attempted to allow successful dental implant placement and prosthodontic restoration (4) .
Although these methods have been shown effective in various clinical studies, they are also associated with a number of negative factors, including patient morbidity, paresthesia, long treatment period, high cost, donor site morbidity, and continuous bone graft resorption. Recently, Pancko et al. (4) reported a novel method of treatment using lingually tilted endosseous implants to eliminate the disadvantages of advanced surgical procedures. The most significant concern about this method was the increased stress at the coronal implant bone surface and fixture level for these off-axis loaded implants (4) .
Dental implant surgery, which involves the surgical insertion of a dental implant into the jaw bone as an artificial root, has become one of the most successful applications of computed tomography (ct) in dental implantology. For successful implant surgery, it is essential to identify vital anatomic structures such as the inferior alveolar nerve (iAn), which should be avoided during the surgical procedure. Due to the evasiveness of its structure, the iAn is very elusive to extraction from dental CT images (3) . Hence, it is necessary to use imaging techniques that accurately display the size and buccolingual direction of the mandibular canal (Mc) and shape and density of the alveolar ridges and cortical plates (5) .
the main purpose of this retrospective radiographic study was to present our new methodology and evaluate the feasibility of buccally tilted and placed implant combined with standard abutment placement in patients with insufficient bone height through implant software programme.
Materials and Methods
of the 138 reviewed patients with 258 mandibular sites, 40 patients with 62 mandibular sites were included in the study. this retrospective study population comprised 40 patients [21 (52.5 %) female, 19 (47.5 %) male] who had undergone ct imaging for the indication of either dental implant or oral pathological treatment in Yuzuncuyil University, Faculty of Dentistry, Department of oral Daignosis and Radiology, Van, turkey from January 2009 to June 2010. the mean age of the patients was 55.14 years (age range 38-78 years). the study was approved by the local institutional review board.
computerized tomographic (i-cAt, imaging Sciences International, Hatfield, PA, USA) images were obtained and ct measurements were evaluated by implant3D Media lab Software programme, italy.
The patients with a maximum of 7 mm of vertical height above the iAn and minimum alveolar ridge thickness of 4 mm at the top of the alveolar crest and either totally or partially edentulous patients were included the study. images of low quality, such as scattering or insufficient accuracy of bony borders and knife-edge alveolar ridge formed patients were excluded from the study.
the age, gender, primary requirement of ct evaluation, presence of dentition, type of resorption, site of mandible were determined (table 1) Because of the limited bone height and adequate bone width at the molar area, subsequent to precise surgical planning and identification of IAN, insertion of buccally tilted tapered form implants (with the implant neck size of 3.7 mm and apically ending with 1 mm) was simulated in order to avoid complications. implant placement simulation was administered through a buccally tilted fixture combined with standard abutments in the mandibular molar region in each patient ( fig. 2) . the ideal position of the implant was estimated on average as 3 mm buccally away from the midcrest in order to gain maximal implant length and provide paralellism to the inner aspect of the buccal cortex without IAN injury.
During the simulation of implant insertion and placement of abutments, the acquired length of implant was measured with leaving 1 mm of bone intact at the buccal side of the iAn and lingual side of the implant surface. the inclination degree of both implant fixtures was also measured. The vertical gain (VG) (between the superior aspect of Mc and the apical portion of the implant) mas measured beyond inferiorly Mc during implant insertion simulation at the buccal site of Mc (fig. 1).   fig. 1 . Schematic and axial CT view of the measurements for different parameters. fig. 2 . the measurements of different parameters for inclined implant through axial CT image and viewing interocclusal relationship. data analysis Student's t-test was performed using SAS system for statistical comparison between distance measurements.
results and dicussion
in total, implant placement of 40 patients with 62 unilateral regions was simulated. All measurements were made from ct of the patients with the comfirmation of two different research assistants.
ct showed that the patients on average had 7.25 ± 2.48 mm of Vh, 3.78 ± 1.48 mm of ttoAc. the mean measurements of ttBioMc and ttloMc were 4.21 ± 1.12 and 2.53 ± 0.97, respectively (table 2). ttBioMc was higher than ttloMc and it was statistically significant (P ≤ 0.001).
The mean inclination degree of implant fixtures was 17.85 ± 8.01 (ranging from 0° to 30°). the mean measurement of the acquired length of implant during implant placement simulation was 11.06 ± 1.73. the mean distance of the vertical gain (VG) was 3.81 ± 1.84 (table 3) . ct imaging has become a common aid in preoperative assesment before implant placement (6) . it has been suggested that CT imaging be used if there is difficulty in locating the iAn or the mental foramen (1) .
Reconstruction of the edentulous posterior mandible using autogenous bone grafts from the iliac crest, tibia, and rib has been well documented. Although such methods are marginally effective, they have been shown to be associated with a number of negative factors, e.g. patient morbidity, treatment duration, cost, donor site morbidity, and continuous bone graft resorption. there have been attempts to lateralize the iAn by means of lateral nerve transposition to allow placement of appropriate length implants. nerve transposition, however, is a technically demanding surgical procedure with a lot of deleterious sequelae. nearly all patients have had postoperative paresthesia in the distribution of the mental nerve. Studies have shown persistent neurosensory loss rates of more than 20% for many of these patients, with one incidence of postoperative mandibular fracture (4) . in our study, in the analysed ct measurements, the ttBioMc was higher than the ttloMc. therefore, it was considered to administer the implant simulation at the buccal site of Mc in order to eliminate the possible risk of advanced implant surgical procedures including vertical bone augmentation, nerve lateralization and bone grafting procedures. it was also considered that elimination of the advanced implant surgical procedures would decrease the operation time and surgical morbidity and would also increase the implant surface using full-length implant, and shorten the treatment time and interval. the placement of lingually tilted implants as described has many distinct advantages, including eliminating the need for osseous grafting, guided bone regeneration, or nerve transposition of the edentulous posterior mandible. Apart from the advantages of the placement of lingually tilted implants, some possible complications and concerns have been noted by Pancko et al. (4) . Most significant is the increased strain at the coronal implant bone surface and fixture level for these off-axis loaded implants. The functional hyperactivity of the masticatory system, for example, imposed increased stress on the bony structures of the craniofacial complex with possible influences on its structure (8) 
has demonstrated a 3 to 4 times greater increase in the strain at the cortical bone relative to similar axially loaded implants for each 30° loading angle increase.
to the best of our knowledge, there has not been a previous study concerning buccally tilted and placed simulation either clinically or radiographically in the international literature. in the measurement and comparison of the distances at both the lingual and buccal site of MC, the presence of sufficient transversal thickness at the buccal site would support the buccally tilted implant placement at the buccal site of Mc. Slightly buccally positioned (3 mm buccally away from the midcrest) implants would decrease the inclination degree of implants and reduce the possible risk for iAn injury. Delicate implant drilling and placement of implant with the reference of inner aspect of the buccal cortex and parallel to the inner cortex would reduce the risk for IAN injury. Therefore, under these circumstances, the mean buccal inclination degree was measured to be 17.85. the consideration for buccally tilted and placed implant simulation would have some more advantages in the patients with partially or totally edentulous mandibular posterior regions as described in lingually tilted implants.
the interocclusal relationship between the mandible and maxilla is crucial. Due to the fact that the resorption rate of the buccal aspect of the maxilla is higher than that of the mandible with age, the maxillary posterior arch is positioned more palatinally than than the mandibular posterior region in the population. therefore, buccally tilted and placed implants with standard abutments would also provide low stress and strain on the implant neck region during interocclusal loading, thus they would provide a positive effect on the implant survival in respect of interocclusal planning. Standard abutments in place of custom angled abutments would be administered in the clinical studies.
in this study tapered implants were used. Although tapered implants were used in all cases, sufficient vertical gain was obtained. the ratio of the clinical crown lenght to the root length should also be taken into account for implant indication during surgical and prosthetic planning. Under the condition of increased clinical crown length, because of the requirement of longer implant fixture than the length of the clinical crown in fixed partial prosthesis, conically shaped implant fixtures would be used in place of tapered implants in order to increase the VG. therefore, conically shaped implants would be used in case longer implant fixture is required.
the acquired VG with this treatment procedure would lead to insertion of a longer implant with increased implant surface for obtaining adequate stabilization. the suggested implant length would become 11 mm through the acquired vertical gain. the longer implants have some advantages related to the larger implant surface, which results in increased stabilization and longer succesful survival time. During implant placement under this treatment protocol, leaving 1 mm of intact bone between Mc and the implant surface would be safe distance with respect to the iAn. Safe distance was taken into account during surgical planning in order to avoid iAn injury.
in the surgical phase, the possible disadvantages of insertion of buccally tilted and placed implants would stem from difficult placement of the healing screw and abutment placement subsequent to implant insertion due to leaving the intact bone at the midcrestal region. in the case of administration of implant placement without surgical guide, the risk for possibile iAn injury may increase. the limited availability of tapered implants would limit the administration of this treatment modality.
the simulation of the long length implant placement in the patients with edentulous atrophic posterior mandible makes the buccally tilted and placed implant administration feasible with this study. Due to the occlusal force distribution and resultant increased strain with pathological bone resorption, further meta-analysis studies prior to clinical investigations are required in the evaluation of periodontal health, stress and strain level measurements under occlusal forces at the coronal implant bone surface.
conclusions the results of our study suggested that the hypothesis of buccally positioned and tilted implant placement instead of advanced surgical procedures would be preferable in atrophic posterior mandibula. Further radiographic studies are needed for confirmation of our results and also clinical investigations are required for further and definitive evaluation.
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